Abstract. A regional interbasin groundwater system including thirteen valleys in southeastern Nevada is generally identified on the basis of preliminary appraisals of the distribution and quantities of the estimated groundwater recharge and discharge within the region, the uniformity of discharge of the principal springs, the compatibility of the potential hydraulic gradient with regional groundwater movement, the relative hydrologic properties of the major rock groups in the region, and, to a limited extent, the chemical character of water issuing from the principal springs. The principal findings are: (1) Paleozoic carbonate rocks are the principal means of transmitting groundwater in the interbasin regional system--the regional transmissibility provisionally is estimated to be about 200,000 gal/day/ft; (2) estimates of recharge and discharge show wide discrepancies in individual valleys, but hydrologic balance with recharge and discharge estimates of about 100,000 acre-ft/yr obtains within the thirteen-valley region; and (3) the discharge of the Muddy River Springs, the lowest of the three principal spring groups, is shown to be highly uniform, which is consistent with their being supplied from a large regional groundwater system. The relation between this regional system and others in eastern and southern Nevada is now under study by the Geological Survey.
INTRODUCTION
Reconnaissance appraisals of the groundwater resources of various valleys in Nevada have been made for several years. One of the assumptions on which these studies originally were predicated was the generally accepted concept that most hydrologic systems were more or less co-extensive with the topographically closed basins in the Basin and Range province. As studies for various areas were completed, it became evident that groundwater systems in certain valleys of eastern and southern Nevada extended beyond the limits of the particular valley. Some valleys have a much larger spring discharge than could be sustained by local recharge, and other valleys have deep water levels that preclude an annual groundwater discharge by evapotranspiration comparable with probable local recharge. If these observations are correct, a multivalley regional groundwater system is required to satisfy the general hydrologic equation that inflow equals outflow.
This report describes the general features of The regional groundwater system includes both the rocks and the groundwater of the fined area. It includes the areas of recharge and discharge, storage and transmission of water, and geologic units that control the occurrence and movement of water. Semiperched groundwater in the mountains and in the valley fill of at least some valleys contributes to the regional system but is not emphasized herein.
The identification of this regional groundwater system is based upon (1) the relative hydrologic properties of the major rock groups in the area of consideration; (2) the regional movement of groundwater as inferred from potential hydraulic gradients; (3) the relative distribution and quantities of the estimated recharge and discharge; (4) the relative uniformity and longterm fluctuation of the discharge of the principal springs; and (5) the chemical quality of the water discharged from the principal springs. Much of the available data pertinent to the analysis is included in Tables 1, 4 The apparent gradient is about 7.5 feet per mile. Again the inference is that the water-level gradient in the underlyirg carbonate rocks is probably somewhat less than that in the valley fill for most of the length of the valley. The above information suggests that a general gradient in the carbonate rocks in this region may be less than 8 feet per mile. Thus, the relative altitudes of the principal springs, wells in key locations, and regional topography support the inference of regional groundwater gradient to the south.
Recharge o/ groundwater. Table 1 summarizes the estimates of recharge to and of discharge from the groundwater system. These estimates were derived mainly in the reports referred to in the table.
Precipitation provides the principal source of water for recharge to the regional groundwater system. The direct measurement of recharge is not feasible, nor perhaps even possible, over an area of any great size. However, the general relationships that potential recharge increases with increased precipitation and that precipitation generally increases with altitude have been used to make estimates of long-term average annual recharge. The average annual recharge to groundwater from precipitation in a valley has been estimated empirically for the reconnaissance investigations by a technique that seemingly produces reasonable estimates for most areas of Nevada. Briefly Obviously, recharge is not uniformly distributed either over the area or in time. However, average precipitation is greatest in the mountainous areas at altitudes of 7000 feet and higher. Much of the precipitation in the mountains occurs as snow, which accumulates durirg the winter and melts in the spring. This process is favorable for accomplishing recharge. In general, then, most of the recharge from precipitation is probably centered in and adjacent to the several principal mountain ranges.
The general relations of increased precipitation with altitude and the seasonal distribution of precipitation are shown by the average monthly and annual precipitation for Kimberly, Adaven, Alamo, and Overton (Table 3) Throughout the area streamflow may occur for short periods after high-intensity storms, most of which probably occur during the sum- Range.
The distribution of present-day perennial and seasonal runoff is closely associated with the distribution of the higher mountain ranges and generally supports the concept that the greater average precipitation is associated with the higher mountain ranges.
Average annual runoff from the mountains of the region is estimated to be about 80,000 acre-feet, as computed by the altitude-runoff method described by Riggs and Moore [1965] . Of this amount, about 70% is estimated to be generated in the northern half of the region. Thus, the distribution of runoff indicates that the northern part of the area is relatively well watered. This indication in turn suggests that the potential for recharge from streamflow also is relatively favorable in the northern part of the region.
Discharge of groundwater. The principal natural discharge of groundwater is from the three groups of springs in the White River, Pahranagat, and upper Moapa valleys. The discharge of the springs in the White River and Pahranagat valleys subsequently is lost from those valleys, largely by evapotranspiration, including the water utilized for irrigation. In upper Moapa Valley most of the spring discharge leaves the valley as streamflow in the Muddy River. The combined average discharge of these three groups of springs is estimated to be about 98,000 acre-feet a year (Table 1) . Additionally, discharge of groundwater by evapotranspiration in the other valleys, which is not associated with the principal springs, is estimated to be nearly 5000 acre-feet a year and largely occurs in Long, Garden, and Cave valleys.
The represents the actual discharge of the springs, to occur, with considerable time lag, in response except as follows: (1)streamflow at the station to variations in precipitation and consequent may be higher than spring discharge during recharge. Both the high degree of uniformity periods of local runoff, particularly from high-of discharge and the small variations in annual intensity rains within the immediate drainage mean discharge are compatible with the exarea; and (2) streamflow at the station is lower peered character of discharge from a regional than spring discharge when water is diverted groundwater system. above the gaging station for irrigation, and
Relation o• estimated grouadwater recharge when evapotranspiration between the station to discharge. The estimates of recharge to and and the springs depletes the flow at the gaging discharge from the regional system shown in station site. Table i a]nalyzed the record of discharge of the Muddy Although the regional estimates agree closely, River to evaluate the characteristics of the flow there is wide divergence in the estimates for of the springs supplying the river. Corrections particular valleys. For example, in the White for evapotranspiration losses between the springs River and upper Moapa valleys the estimates of and gaging station virtually eliminated the sea-spring discharge are 37,000 and 36,000 acre-feet, sonal variation shown by the month-to-month respectively. The estimate of recharge (38,000 variations of mean streamflow at the gaging acre-feet) from precipitation within the surstation. January characteristically is the month ficial drainage area of White River Valley aphaving the minimum average temperature and proximares the estimate for spring discharge, rate of evapotranspiration. Accordingly, the but the estimated recharge from precipitation mean annual discharge of the springs supplying in the local drainage area of-upper Moapa Muddy River is thus closely represented by Valley is negligible. the mean January discharge (49.8 els) re- Figure 6 shows the distribution of the esticorded at the gagirg station. mated recharge to and discharge from the reThe analysis indicated a high degree of uni-gional groundwater system and a generalized formiry of spring discharge. The minimum representation of the regional flow system. annual mean discharge was about 90% of the From the figure it is seen that about 78% of maximum year. However, the small range in the recharge is estimated to occur in the 4 annual mean discharge apparently is significant northern valleys, and about 62% of the disin that the variations appear to be orderly and charge is estimated to be from the springs in Chemical quality of water in the regional system. The chemical character of groundwater in part reflects an interaction between the water and the rocks through which it passes.
Chemical analyses of water from several of the principal springs in the region are listed in Table 6 . As these springs represent most of the discharge for the regional system, chemical constituents are a composite of the variations and concentrations that ordinarily may be found in the system. Locally, higher or lower concentrations of individual constituents and total dissolved constituents undoubtedly occur.
The water from the springs in the White River and Pahranagat valleys characteristically is a calcium-magnesium bicarbonate type, and the dissolved-solids concentration ranges from 246 to 343 ppm (parts per million). Water from the Muddy River Springs in upper Moapa Valley has about twice the dissolved-solids concentration (614 and 620 ppm) and is of a mixed type.
In a complex hydrologic system with many In contrast, the combined estimated recharge from precipitation in the area considered to be supplying this regional groundwater system is in reasonable agreement with estimates of discharge from the springs only if the Muddy River Springs are included with those in Pahranagat and White River valleys. For the present, then, information favors the theory that most of the water supplying Muddy River Springs is derived from within the boundaries of the regional groundwater system as described in this report.
CLOSING STATENlENT
The regional interbasin groundwater system here described reasonably explains several otherwise anomalous occurrences of large natural spring discharge in 'dry' areas and of very deep water levels in valleys where at least limited natural discharge of groundwater by evapotranspiration ordinarily would be expected. The identification of this regional system is provisional in that it is based largely on indirect methods and limited data. However, the gross nature of the regional system is considered to be valid. 
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